Moreover, as the prevalence of MS increases, and new, more expensive drugs are launched, MS-related costs are becoming more closely scrutinized by payers in the managed care arena.
This background underscores the need for managed care professionals to understand how MS is treated and managed system-wide. However, little current information is available because much of the available research was conducted before the emergence of contemporary disease-modifying drugs (DMDs) or immunomodulators, such as the interferons and glatiramer. For example, the first of these agents (interferon beta-1b, Betaseron) was approved by the U.S. Food and Drug Administration for use in the United States in 1993, and the most recently approved product (interferon beta-1a, Rebif) entered the market in 2002 (Table 1) .
This is a descriptive analysis of the results of aggregating administrative claims for more than 10,000 MS patients in 2004. The direct medical costs are reported by component cost categories and arrayed by other variables of interest that may be useful to managed care clinicians and administrators.
ss Methods
Source Data
Patient-level administrative claims data were obtained from the PharMetrics Integrated Patient-centric Database, a large data warehouse of administrative claims. At the time of this analysis, the database contained data from more than 80 private and public (Medicare and Medicaid) health care plans across the United States, representing more than 9.6 million unique patients in 2004. Medical and facility claims have diagnosis codes in The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) format, and procedure codes are in Current Procedural Terminology version 4 (CPT-4) and Health Care Procedure Coding System formats. National Drug Code (NDC) numbers are used to identify drugs in pharmacy claim records from both community and mail-service pharmacies. Additional data elements from the database used in this analysis include patient characteristics such as geographic region, age and gender, insurance type (e.g., health maintenance organizations [HMOs] , preferred provider organizations[PPOs]), and payer type (e.g., commercial, self-insured, Medicare risk).
Cost-Aggregating Software
The source data for this analysis were organized and grouped using Episode Treatment Group (ETG) software from Symmetry Health Data Systems, a widely used illness-classification and episode-building software application. The ETG methodology matches medical claims and pharmacy claims data to specific diagnoses through a series of temporal and clinical-association algorithms. ETG-based episodes of care are longitudinal packages of disease-specific claims data and provide a consistent method for reporting health care economics spanning the entire continuum of care and for relating these measures to independent variables such as patient demographics, clinical markers, and pharmacotherapy. 6 For purposes of this analysis, only the aggregation feature of ETGs was employed; i.e., ETGs were used to aggregate medical costs and not to define discrete episodes of care.
Sample Selection
The ETGs used in this analysis, ETG 149 (inflammation of the CNS, with surgery) and ETG 150 (inflammation of the CNS, without surgery), are based on ICD-9-CM codes that include MS (340) and other neurological conditions such as 336 (spinal cord disease not elsewhere classified), 337 (autonomic nerve disorder), 341 (other CNS demyelination), and 344 (other paralytic syndromes). ETG-based episodes are typically built using a variety of similar ICD-9-CM codes to compensate for variations or errors in provider coding practices; however, as noted in the patient selection criteria sections of this analysis, only ETGs built upon ICD-9-CM code 340 were used in this analysis. The ETG methodology was used to identify and aggregate claims data for economic measurements and, as mentioned, captures claims that are not only directly identified by ICD-9-CM code 340 for the treatment of MS but also other, less specific ICD-9-CM codes that are associated with procedures and services identified as being specific and relevant to the treatment of MS, compensating for coding variations or errors.
Patient Selection
Patient data comprising the primary MS study population were selected from the source database for January 1, 2004, through December 31, 2004. Patients were selected on the basis of the presence of ETGs 149 or 150 and at least 1 medical claim with a diagnosis of MS (ICD-9-CM code 340). This ICD-9-CM code is specific to ETGs 149 and 150 and is a primary marker used by the ETG software methodology to define the MS episodes for this analysis. The ETG codes were used to capture MS-related costs.
Reporting Metrics
Cost information related to use of medical and pharmacy services was captured using ETG-defined aggregation for dates of service over an interval of 365 days (representing the 2004 calendar year); thus, each patient contributed only 1 episode to the analysis. The cost fields from the administrative claims data used in this analysis are submitted charges (i.e., charges submitted by providers) and do not represent actual payer costs. The cost data were then broken down into the following categories and, where applicable, subcategories, thereby identifying the point along the patient care continuum at which MS-specific service was received:
• 
Cost Aggregation by Drug
Costs were also aggregated by DMD for the 3 interferons and glatiramer. Each DMD patient had to have at least 1 pharmacy claim with an NDC code for a DMD or at least 1 medical claim with a J code for a DMD in 2004. A subanalysis was also performed for patients who received only 1 DMD (i.e., monotherapy).
Statistical Analysis
Analysis of univariate means was performed using analysis of variance, and proportions were compared with chi-square testing. All statistics were generated using SPSS version 13.0 software (SPSS Inc., Chicago, IL).
ss Results
Population Characteristics
The MS population in this analysis consisted of 10,099 patients (Table 2 ). This was a national-level sample, with nearly half (48%) of the patients from the Midwest, and a total of 40% from the Northeast and Southeast (Table 3) . These percentages do not reflect the prevalence of MS in those regions but only the composition of the database. With respect to line of business, the analyzed patient population was primarily derived from commercial insurance plans (89%) and from HMOs and PPOs (49% and 33%, respectively) ( Table 4) .
The average age of a patient with MS was 47 years (standard deviation [SD], 11.2 years); nearly 63% of patients were between the ages of 36 and 55 years. Female patients outnumbered male patients by more than 3 to 1 ( Table 5 ). Of the concurrent conditions (selected conditions of interest) in the MS population in this study, the most commonly reported in medical claims were malaise and fatigue (ICD-9-CM codes 780.7, 780.71, or 780.79, in 21.6% of patients), depression (ETGs 95 or 96 [which are based on ICD-9-CM codes 296, 298, 300, 301, 309, 311 and 313], reported in 19.8% of patients), and burning/numbness/tingling sensations (ICD-9-CM code 782.0, reported in 17.2% of patients). Reported less frequently were some of the more severe complications of the disease, such as ataxia (ICD-9-CM code 781.3, reported in 3.1% of patients) and optic neuritis (ICD-9-CM code 341.0, reported in 0.4% of patients) ( Table 6 ).
Annual Costs
The total cost for the average MS patient in calendar year 2004 (representing total direct MS costs over the 365-day period for inpatient, outpatient, emergency room, and pharmacy services) was $12,879 (Table 7) . Average outpatient costs were $3,380 per patient (26% of total costs), attributable to 14.5 outpatient services (units of use), which included 4.4 physician office visits (outpatient management) and 10 diagnostic procedures (Table 7) . Per patient, approximately 8.8 MS-specific prescriptions including DMDs were dispensed during the year 2004, representing $8,351 in costs (64.8% of total annual costs) ( Table 7) .
There were significant differences in total annual costs for all demographic subgroups, except for gender. Region, line of business, payer, and patient age were associated with statistically significant variation (P <0.001). There was no significant difference in total annual costs by gender (P = 0.396) ( Tables 3, 4 , and 5).
Average annual costs per patient were often significantly higher when certain conditions were present (compared with episodes that reported no evidence of those conditions). When aggregated by clinical condition, patients with medical claims with 1 or more diagnosis codes for abnormality of gait had average costs of $20,871, and patients with diagnosis codes for spasms had average costs of $20,376, both about 60% higher than the cost of the average MS episode ($12,879) ( Table 6) .
Annual Costs by DMD
Use of a single drug in the interferon class was observed in 36.0% of MS patients (combined n = 3,640) with sole use of IFN beta-1a (intramuscular [IM]) the most frequent (n = 2,023, 21.0% of all MS patients), followed by glatiramer (n = 1,837, 20.2%), IFN beta 1-b (n = 952, 8.6%), and IFN beta-1a (subcutaneous [SC]) (n = 665, 6.7%) ( Table 8) . Among the patient groups analyzed, the group treated with IFN beta-1a (SC) was slightly younger (average of about 44 years old), but the absolute difference among the 4 DMDs was small ( 
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There was no difference in the ratio of females to males, about 75% to 79% for the 4 DMDs. There were small differences in the rates of selected conditions of interest among patients who received the 4 DMDs, including abnormality of gait (P <0.001); ataxia (P = 0.004); burning, numbness, and tingling sensations (P <0.001); depression (P <0.001) and malaise and fatigue (P = 0.002); and fibromyalgia, myalgia, and myositis (P = 0.015) ( Table 10) . Total average annual MS-related treatment costs appeared to be slightly lower (about 6%) for the patient group treated with glatiramer ($16,928) compared with IFN beta-1a (IM) ($17,987), about 14% lower compared with IFN beta-1b ($19,616), and 25% less than the group treated with IFM beta1a (SC) ($22,557) ( Table 11 ). The glatiramer group had the lowest number of pharmacy claims for the DMD (average 8.14), and the IFN beta-1a (IM) group had the highest number of DMD claims (average 10.41). $12,879 per patient/episode, with 64.8% of the total charges attributable to prescription drugs. A comparison of these data with research performed before the emergence of DMDs indicates that, over time, the cost structure for treating MS has changed notably. In particular, in a 1995 analysis of 6,412 MS patients from a privately insured population Pope et al. reported annual costs per patient (in 1995 dollars) of $7,677-equivalent to $9,515 in 2004 dollars-with 18% attributable to prescription drugs. 7 The analysis by Pope et al. used allowed charge data (i.e., net health plan cost plus member cost share) rather than the provider-submitted charges used in the present analysis, thereby understating the cost basis data for 1994-1995. With this caveat, the comparison reflects that 2004 pharmacy costs were higher and constituted a higher percentage of the total annual costs. Yet, 2004 costs for medical services were-after adjusting for inflation-actually lower than those reported in the 1995 study: $4,529 in 2004 compared with $7,802 in 1995 (Table 12 ). This trend may be related to the effectiveness of DMD therapy in managing MS severity and reducing functional disability, which has been correlated with lower costs. 8, 9 With respect to the clinical factors that affect MS costs, research has shown that indirect as well as direct costs increase exponentially as disability progresses. 9 On the standard measure of progressive disability known as the Expanded Disability Status Scale, moderate limitations increased costs by factors of 1.15 to 3.43, and losing the ability to walk without aid or a wheelchair increased costs by 3.86 to 7.46 times the cost of patients with mild disabilities. 9 Exacerbations of MS symptoms, referred to as relapses, also substantially increase the cost of medical care. 10 Although the limitations of this analysis preclude links between clinical severity and costs, we have observed how the presence of certain concurrent conditions related to the progression of MS, 11 used as surrogates of disease severity, can influence costs. In the present study, the medical claim diagnoses associated with higher costs include abnormality of gait, optic neuritis, and spasms.
* The prevalence of selected conditions was based on the presence of listed ETGs or 1 or more ICD-9-CM codes present on medical claims any time during the study period. † Calculated using analysis of variance. MS = multiple sclerosis.

MS Component CostsOverall Population (2004)
The present study was limited to direct medical costs in 2004. Kobelt et al. estimated that direct medical and nonmedical costs represented 53% of the total cost of MS. 8 Almost half of the total societal cost of MS is attributable to production losses (37%) and informal care (10%). In their cross-sectional postal survey, Kobelt et al. also found considerable interpatient variability in disease severity and 29% of MS patients reporting a relapse in the past 3 months.
Using administrative claims data for approximately 9.6 million patients covered by public payers (Medicare or Medicaid) and private health plans, we found a prevalence of 14.0 patients per 10,000. This is considerably lower than the prevalence of 24 per 10,000 found by Pope et al. in the privately insured population in 1994 and 1995, of 36 per 10,000 in the Medicare population (1996 and 1997), and of 71 per 10,000 in the disabled subpopulation of Medicaid recipients in 6 states (1991) (1992) (1993) (1994) (1995) (1996) . 7 In the present study, use of the 4 DMDs was associated with different total MS-related treatment costs. This descriptive analysis cannot be used to ascertain the reasons for the variance in total treatment costs, which could be explained by the effect www.amcp.org Vol. 13 12 but these agents are commonly used for treating MS in the United States. A 5th DMD, natalizumab (Tysabri), was withdrawn from the U.S. market in February 2005 because of an association between that drug and the development of progressive multifocal leukoencephalopathy. However, natalizumab was reintroduced to the U.S. market in June 2006, evidence of the demand and need for alternative therapies for MS, particularly for those patients with relapsing MS.
Utilization of Disease-Modifying Drugs in MS Patients (2004)
There are gaps in information about MS-related health care costs. Our results were similar to those of a 2002 study designed to measure cost-effectiveness among the DMDs, including slightly lower costs associated with use of glatiramer compared with use of interferons. 13 However, at the time of the 2002 analysis, only 2 of the 3 interferons were available: interferon beta-1a (IM) and interferon beta-1b.
Limitations
Foremost among the limitations of this study is the method of data aggregation and follow-up for MS patients. For example, drug utilization was quite different among the 4 DMDs, an average of 10.4 DMD pharmacy claims for IFN beta-1a (IM) versus 8.7 each for IFN beta-1a (SC) and IFN beta-1b, and 8.1 for glatiramer in calendar year 2004. Second, administrative claims data do not include clinical information, such as laboratory values, or other measures, such as disease severity, and this study could not aggregate data by MS disease type (e.g., primary progressive vs. relapsing-remitting or secondary progressive disease). There is large variation in the cost measures in the present study, as evidenced from the large standard deviation values.
Third, this is a descriptive analysis that cannot inform about cause-and-effect relationships. While we were curious about the aggregate costs by DMD, it is not possible to determine how economic outcomes are related to clinical status or the effect of patient severity on economic outcomes in this study. Fourth, the cost data in the present study were provider-submitted charges, which may, because of variable reimbursement rates, overstate actual payer costs.
Fifth, this study relied on third-party software (i.e., the ETGs) to aggregate administrative claims data since MS-related medical claims may not have the specific 340 ICD-9-CM diagnosis code for MS. This method has 2 implications. First, while MS-related costs aggregated in this manner may identify the direct medical costs to treat MS, they may not accurately reflect the actual costs of MS or the total cost burden that an MS patient places on the health care system. Second, using a commercially available and widely used tool such as ETGs enables others to perform an analysis similar to this study in their own environments and to use the data from the present study for comparison. On the other hand, the ETG software is not free, and other methods to group administrative claims data may produce different results.
ss Conclusions
Pharmacy costs represented 65% of total MS-related treatment costs in 2004, and 57.5% of all MS patients received at least 1 DMD. For the patients who used DMDs, pharmacy costs represented an average 75% of total MS-related medical care costs. While there were differences in the total MS-related treatment costs among the 4 DMDs, the reasons for these differences could not be ascertained in the present study.
DISCLOSURES
Funding for this study was provided, in part, by a grant from Biogen Idec, manufacturer of interferon beta-1a (IM), and was obtained by author Michael Pill. Pill and authors Jeff D. Prescott, Saul Factor, and Gary W. Levi disclose that they do not have a financial interest or affiliation with Biogen Idec and have not participated in Biogen Idec advisory boards, consulting, or speakers bureaus. Prescott served as principal author of the study. Study concept and design, data collection and interpretation, and writing of the manuscript and its revision were the work of all authors.
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What is already known about this subject
• Multiple sclerosis is a chronic and debilitating medical condition with a growing patient population that requires long-term treatment. The economic burden imposed by MS is substantial, consisting of direct and indirect costs. The indirect costs are, by definition, largely outside the control of managed care, but managed care can influence the direct costs of treating MS.
What this study adds
• This study promotes better understanding of the factors that influence direct costs. This study presents direct medical claims data that managed care decision makers can use as benchmarks to evaluate their own cost and utilization data. TABLE 12 
Comparison of MS Costs for 1995 and 2004
